Heavy ion radiation up-regulates Cx43 and ameliorates arrhythmogenic substrates in hearts after myocardial infarction.
Radiation has been shown to enhance intercellular communication in the skin and lungs through an increase of connexin43 (Cx43) expression. If analogous Cx43 up-regulation is induced in the diseased heart, it would provide a new perspective in radiation therapy for arrhythmias. The aim of the present study is to test this hypothesis. Non-transmural myocardial infarction (MI) was created in 24 rabbits by microsphere injection into the coronary arteries. Twenty-four rabbits without MI were used as controls. Targeted external heavy ion beam irradiation (THIR; 15 Gy) was applied 2 weeks after MI with an accelerator (HIMAC, Chiba, Japan). The THIR was associated with an increase of Cx43 mRNA and protein levels in the left ventricle in control as well as in MI rabbits. THIR also increased lateralization of Cx43, which was no longer colocalized with cadherins. In MI hearts, immunoreactive Cx43 signals were reduced in the peri-infarct zone, and the reduction was reversed by THIR. In-vivo epicardial potential mapping on the free wall (64 unipolar electrodes to cover 7 x 7 mm) in MI hearts revealed reduced conduction velocity, whereas dispersion of the activation-recovery interval (ARI) was increased compared with controls, and these changes were reversed by THIR. The vulnerability for ventricular tachyarrhythmias (VT/VF), which was estimated by programmed stimulation, was increased in MI hearts, and this increased vulnerability to arrhythmias was reversed by THIR. THIR increases Cx43 expression, improves the conductivity, decreases the spatial heterogeneity of repolarization, and reduces the vulnerability of rabbit hearts to ventricular arrhythmias after MI. THIR could have an antiarrhythmic potential through an improvement of electrical coupling.